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Abstract 
This work aimed to investigate the effect of pretreatment conditions on biogas production of Padauk 
Angsana leave (PA) or Pterocarpus indicus Wild with industrial wastewater at ambient condition. The 
biomass with %TS of 2, 5 and 10 were used in the study. 2%wt NaOH and cellulase were used as 
pretreatment agents. The one step and two steps pretreatments using NaOH, cellulase and both were 
compared. The amount of produced biogas was collected every 6 hrs in the period of 54 days. The results 
for untreated biomass case showed the 10%TS of PA achieved the highest biogas production. Similarly, 
for pretreated biomass using 2wt% NaOH, 10%TS of PA showed the highest biogas production. the best 
condition for methane production was found to be the two steps pretreatment, where 5%TS of biomass 
was soaked in  2%wt NaOH for 24 hours, followed by soaking in cellulase for 24 hours.  
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1. Introduction 
In recent years, a demand for energy and the price of energy based on petroleum have been increasing 
continuously. As an alternative, a renewable energy can provide one of the solutions to the energy issues. 
Based on the origin of renewable energy and resources, many countries have researched and developed 
the renewable energy accordingly. In Thailand, the biogas has become one of the important energy 
sources due to the abundant renewable and raw materials. Energy from biogas not only compensates the 
imported fuel but also reduce the pollution associated with converting biowaste or even biomass to the 
valuable biogas[1]. Biogas, a carbon-neutral source of renewable energy, is produced from anaerobic 
digestion process of biodegradable wastes, plant biomass, crop residues and manure. The main 
composition of biogas is CH4 (60-70%) and CO2 (28-38%) and various gas product such as H2S and N2. It 
can be used as a fuel for direct heating or co-generation of electricity and heat, and transportation fuel. In 
most cases, silages, manures, municipal and industrial wastes are raw feedstock choices for biogas 
production. In case of using biomass as a source for biogas production, the difference of biomass types 
and operating conditions such as temperature, pH, pretreatment and total solid (%TS) are key factors 
affecting the yield of biogas and its composition [2].  
Biomasses such as plants, residues from agriculture, are enriched with carbon sources and compose of 
cellulose, hemicellulose and lignin. The structure of hemicellulose and lignin are branch and complex 
polymer chains, respectively while the cellulose is linear. Lignin, a complex crosslinking of 
polysaccharides, is an important obstacle for water absorption to the cell wall and an inhibitor for 
anaerobic digestion of cellulose with micro-organism and/or enzyme. Thus, the pretreatment process is 
necessary to facilitate the reasonable yield of biogas. For the pretreatment of biomass, various chemicals 
are commonly used in order to enhance the first step of anaerobic digestion (Hydrolysis). In this step, the 
complex organic molecules are broken down into their smaller constituent parts such as simple sugars, 
amino acids, and fatty acids. In most cases, alkali such as sodium hydroxide (NaOH) is applied to 
biomass as a pretreatment agent that make the lignocellulose swollen though solvation and saponification 
reaction, resulting in a more porous structure for enzyme access.  
The aim of this research was to study the influence of the pretreatment agents of biomass on the biogas 
production. Padauk Angsana leave (Pterocarpus indicus Wild) was selected as a model biomass. In order 
to improve the biogas production, the mixture of raw materials, Padauk Angsana leave and food-
industrial wastewater, were used and the digestion was carried out in a set of batch reactors with 1 L 
capacity at ambient condition. The effect of total solid of biomass (%TS) and pretreatment agents, 
aqueous NaOH, cellulase and both on the biogas production were investigated and compared.  
2. Experimental Procedure 
2.1. Raw materials 
The model biomass feedstock for the laboratory-scale experiments was Padauk Angsana leave (PA), 
collected at University, Nakorn Pathom, Thailand. PA was first grounded and sieved into 1-2 mm powder 
before further use. The wastewater used as the inoculum of the digester was obtained from Malee Public 
Company Limited, Nakorn Pathom, Thailand. The characteristics (%TS (total solid), %VS (volatile 
solid)) of various biomass used are shown in Table 1. 2%wt NaOH aqueous solution and/or cellulose 3.5 
FPU were used to treat the raw biomass. NaHCO3 was used to balance the pH of feedstock before the 
digestion process. The pretreated samples were analyzed for the morphology by SEM. 
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Table 1. Characteristics of various biomass. 
 
Biomass types Characteristics %TS %VS VS/TS 
PA 90.97 7.71 0.08 
wastewater - 36.96 0.90 
1 step pretreated of PA* 86.48 11.11 0.13 
2 step pretreated of PA** 33.37 63.48 1.85 
2.2. Laboratory-scale apparatus 
 
Fig. 1. Laboratory-scale apparatus of anaerobic digestion for biogas production from PA and wastewater feedstock. 
The laboratory-scale apparatus used for biomass digestion and biogas collection as shown in Fig. 1 
consisted of a 10x1 L conical flask functioned as the anaerobic digester for the biogas production, 
connected to a biogas collector. Biogas was collected by water displacement method; the volume of the 
discharged water from the graduated cylinder represents the volume of biogas generated from digestion 
process. In addition, the shaker was applied to mix throughout of the digester. 
2.3. Biomass pretreatment and Anaerobic digestion 
A various percentage of PA total solid (2%TS, 5%TS and 10%TS) were mixed with 61.12 mL of the 
wastewater, and then filled in 1 L batch digesters at ambient condition. NaHCO3 was added each digester 
to adjust the pH of feedstock to 6.8-7.2. Before the anaerobic digestion process, the volume of the 
feedstock was adjusted to the 1 L by distillated water. The prepared digesters were placed in the shaker 
and shake every 6 minutes. 
 
 
_________ 
 
*   PA soaked in 2wt% of NaOH for 24 hours.  
** PA soaked in 2wt% of NaOH for 24 hours, rinsed and then soaked in 0.2 g of cellulase for 24 hours  
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For the alkaline pretreated experiments (experiment 4, 5, 6), NaOH was used to treat PA. Various 
total solid of PA (2%TS, 5%TS and 10%TS) were soaked in 1 L of 2%wt NaOH solution for 24 hours. In 
order to study the effect of pretreatment steps and agents, %TS was fixed at 5 and Cellulase was used 
instead of NaOH (experiment 7). In case of the 2 step pretreatment with the alkaline and enzyme 
experiments, the biomass pretreated from the first step were rinsed and either mixed with cellulase 
directly (experiment 8) or soaked in 1 L of cellulase for 24 hours prior to digestion (experiment 9). The 
flasks were placed in the shaker and shake every 6 minutes. All other conditions for biomass pretreatment 
are shown in Table 2. Biogas products were stored in the biogas collector, their volumes were recorded by 
water displacement every 6 hours for 54 days, and the corresponding cumulative biogas volume was 
calculated. The gases were collected and analyzed using Gas chromatography. 
3. Results and discussion 
3.1. Morphology of biomass 
Three pretreatment agents and two treatment methods were carried out and compared in Fig.2. From 
SEM micrographs of PA and fibers, it was revealed that PA fibers soaked in 2wt% of NaOH aqueous 
solution for 24 hours exhibited smoother surface when compared to untreated case (Fig.2a and 2b). By 
treating with NaOH, compounds in PA, such as lignin, hemicelluloses, were dissolved, leaving the 
smooth structure with insoluble parts in the fiber. However, when comparing PA treated with cellulase 
(Fig.2c) with the untreated case, the leaf surface was rougher and the fiber, though similar to untreated 
fiber, showed more bulky structure with the surface peel off leave that the enzyme cellulase could digest 
large molecules of biomass into small molecules via hydrolysis reaction [3]. The results could be more 
pronounced if the longer treatment period was carried out. When comparing the untreated case with a 2-
step pretreated case (Fig.2d), 2-step treatment leave showed the combination of characteristics of alkaline 
and enzymatic treatments. The fiber, shown in Fig.2d, was dominated by the smooth surface rather than 
the bulky and peel-off surfaces leave. The result could be explained that the major of carbohydrate 
compositions such as lignin, hemicellulose and cellulose were dissolved and degraded in NaOH aqueous 
solution during pretreatment step, so the minor of remainders were reacted with cellulase [4]. 
3.2. Effect of total solid (%TS) in PA 
 The total amount of biogas produced in the period of 54 days for all conditions was shown in Fig. 3. 
It was clearly seen that the largest amount of biogas production in 54 days belonged to the 5%TS mixed 
with cellulose (experiment 7) and 10%TS treated with 2% NaOH.  
 Three percentages of the total solid, 2%TS, 5%TS and 10%TS (experiment 1, 2 and 3 respectively), 
without pretreatment were used and compared for the biogas production in the period of 19 days and 54 
days (Fig. 4a and 4b). The results of the biogas production in term of m3/ton of PA are presented in Fig.4. 
The highest biogas production was 10%TS, followed by 5%TS and 2%TS respectively. Since the 
percentage of the total solid (%TS) was higher, the amounts of cellulose and hemicellulose contained in 
feedstock were also higher. These molecules acted as carbon sources for anaerobic microorganism in the 
reactor, hence producing more biogas.  
3.3. Effect of NaOH in pretreatment process  
 The single step pretreatment process based on NaOH solution was carried out for the percentages of 
the total solid; 2%TS, 5%TS and 10%TS (experiment 3, 4 and 5 respectively). In the pretreatment 
process, PA was soaked in 2wt% of NaOH aqueous solution for 24 hours, and then rinsed before 
transferring to the reactor prior filled with the wastewater. The NaOH treatment was done to prevent 
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possible inhibiting by solubilised lignin [5] and led to break of chemical bond between lignin and 
cellulose, and between lignin and hemicellulose into smaller molecules. Moreover, breaking of chemical 
bond is increased the possibility of cellulose and hemicellulose to react with enzyme or anaerobic 
microorganism in wastewater [3-6]. All NaOH pretreated cases gave the higher biogas production than the 
untreated case; especially in case of 10%TS of PA (Fig. 5) that produce biogas about two fold of the 
untreated case. When comparing the biogas produced from 5%TS and 10%TS, the digester containing 
5%TS produced the biogas more than 250 m3/ton biomass. Therefore, 5%TS was used for further study.  
 
Table 2. Operating condition of each batch digester. 
 
No. Feedstock %TS 
  Chemical 
Net 
volume 
pH 
PA  ) g) 
Wastewater 
(ml) 
NaHCO3 
(g) 
Cellulase 
(g) 
begin final 
1 PA 2% 21.99 61.12 2.80 - 1 L - 7.06 
2 PA 5% 54.96 61.12 2.80 - 1 L - 7.05 
3 PA 10% 109.93 61.12 2.80 - 1 L - 7.02 
4 
 
PA +  
1 step pretreatment* 
2% 23.54 61.12 2.80 - 1 L - 7.06 
5 
 
PA + 1 step 
pretreatment * 
5% 58.84 61.12 2.80 - 1 L - 7.06 
6 
 
PA + 1 step 
pretreatment * 10% 117.69 61.12 2.80 - 1 L - 7.06 
7 PA + enzyme ** 5% 54.96 61.12 2.80 5.26 1 L - 7.08 
8 
 
 
A +1 step 
pretreatment 
mixed with 
cellulase *** 
5% 56.83 61.12 2.80 5.26 1 L - 7.05 
9 
 
PA+ 2 step 
pretreatment **** 5% 56.83 61.12 2.80 5.26 1 L 
11.13 
and 
5.03 
7.01 
__________ 
*    PA soaked in 2wt% of NaOH 24 h  
**  Untreated PA mixed with cellulose and wastewater 
***  PA soaked in 2wt% of NaOH for 24 hours, rinsed and then mixed with cellulose and wastewater 
****  PA soaked in 2wt% of NaOH for 24 hours, rinsed and then soaked in 0.2 g of cellulase for 24 h 
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(a) Untreated PA 
     
(b) PA was soaked in 2wt% of NaOH solution for 24 hours 
        
(c) PA soaked in cellulase for 24 hours 
        
 
(d) 2-step treatment: PA soaked in 2wt% of NaOH solution for 24 hours, followed by soaking in cellulase for 24 
hours 
Fig. 2. SEM micrographs of PA at difference pretreatment conditions. 
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Fig. 3. Daily biogas productions of PA at difference conditions. 
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   (a)      (b) 
Fig. 4. Total biogas productions of PA without pretreatment at difference %TS in (a) 19 days and (b) 54 days. 
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   (a)      (b) 
Fig. 5. Total biogas production of PA for different %TS pretreated with NaOH in (a) 19 days and (b) 54 days. 
3.4. Effect of pretreatment conditions 
For all experiments (experiment 7, 8, and 9), 5%TS of PA was used. The results of the biogas 
production were presented in Fig.6. The highest biogas production (experiment 7) was the feedstock 
comprising PA, the wastewater and cellulase. By adding the cellulase, it could digest the cellulose from 
biomass into smaller molecules; meanwhile, anaerobic microorganism in wastewater reacted immediately 
with these smaller molecules to produce biogas. Furthermore, from the SEM result shown in Fig.2c 
indicated the bulky surfaces and the decay of biomass structure that supported permeation of enzyme for 
reaction and anaerobic digestion. The amount of produced biogas from pretreated cases (experiment 5, 8 
and 9) was found to be much higher than that of untreated case (experiment 2).  
When comparing the single step pretreatment (experiment 5 and 8), the amount of biogas produced in 
54 days of the experiment 5 (Fig. 6b) was three times lower than the experiment 8. In experiment 8, the 
enzyme was directly added in the digester whereas experiment 5 was carried out without cellulose 
addition. Therefore, applying cellulase would accelerate the decomposition of biomass, and enhance 
hydrolysis reaction of smaller molecules. For comparison of single step pretreatment (experiment 5) with 
two step pretreatment (experiment 9), the amount of biogas (in term of m3/ton of PA ) from two steps 
pretreatment case was higher than that of the single step pretreatment case. This was consistent with the 
other pretreatment results. 
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Fig. 6. Biogas production of 5%TS PA pretreated with various conditions in (a) 19 days and (b) 54 days. 
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However, when considering the biogas composition in term of percent by volume, as showed in 
Table 3. The result indicated that methane was the main composition of all experiments, especially 
experiment 9. It gave the highest percent of methane. By pretreating with cellulase before digestion, more 
methane could be obtained when compared to mixing cellulase with biomass in digester.  
Table 3. Comparison of %methane in biogas under different pretreatment conditions. 
 
Experiment Methane (% by volume) 
5 64.17 
7 67.06 
8 69.00 
9 78.27 
4. Conclusions 
 The effect of pretreatment conditions on the biogas production of Padauk Angsana leave as major 
raw materials was explored. The results revealed that, in the case of untreated biomass, 10%TS of Padauk 
Angsana leave achieved the highest biogas production in 54 days. Similarly, for the pretreatment of the 
biomass with 2wt% NaOH, the pretreated 10%TS of biomass showed the highest biogas production. The 
amount of biogas produced by the addition of cellulase in the digester was as high as that of 10%TS 
pretreated with 2%wt NaOH. However, the best condition for methane production was found to be the 
two steps pretreatment, where 5%TS of biomass was soaked in  2%wt NaOH for 24 hours, followed by 
soaking in cellulase for 24 hours. 
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